Arteriovenous fistulae (AVF) are the result of communication occurring between an artery and an adjacent vein. The etiology of an arteriovenous fistula can be either acquired or congenital in nature. They may occur anywhere in the body where arteries and veins are in proximity to each other. This case report involves an iatrogenic arteriovenous fistula discovered by sonographic examination in a female breast. Because of the potential for complications, which may occur with arteriovenous fistulae, it is important to investigate and supervene when patients are suspected of having these lesions.
A postmenopausal female presented to the sonography department for evaluation of a palpable breast mass. Prior to being scanned in our sonography lab, the patient had undergone three fine-needle cyst aspirations in the area of this lesion. The sonographic findings included a wellcircumscribed cystic mass with mobile internal echogenic debris. Pulsed-wave Doppler studies indicated continuous venous flow signals within the cyst and a small vessel located in the anterior/ medial periphery of the cyst that consisted of both venous and arterial waveforms. As a result of the sonographic findings and the patient's prior three fine-needle aspirations, an iatrogenic arteriovenous fistula was suspected.
Case Study
A woman in her mid-60s was referred for a sonographic-guided cyst aspiration for a persistent palpable mass in her left breast. Three years prior, she underwent a fine-needle cyst aspiration for a simple cyst at the 3 o'clock position at an outside institution. The patient reported that within two days after this procedure, her cyst had returned. No follow-up was done at that time. One month prior to her sonography study in our department, the patient had a fine-needle cyst aspiration, which was not sonographically guided, in the pathology department. The palpable mass was completely drained, and 10 cc of red fluid was sent to cytology for evaluation. The results of the aspirated fluid included histocytes and papillary clusters of apocrine cells with atypia. Within 24 hours after her cyst aspiration, the lesion was again palpable and described as being hard.
The patient was then referred to our lab for a sonographic examination and a possible sonographicguided, fine-needle cyst aspiration procedure. Her physical examination was remarkable for a solid palpable mass at the 3 o'clock position in her left breast (B-2). The lesion was superficial in nature and did not present with a palpable "thrill or bruit." Sonographic imaging revealed a thin-walled, wellcircumscribed cystic mass measuring 4.4 cm (length) × 2.6 cm (anterior/posterior) × 3 cm (width) ( Fig. 1 ). Mobile echogenic debris was noted "swirling" throughout the cyst (without patient motion). Posteriorly, there was a crescentshaped echogenic area within the mass that was nonmobile and nonvascular and thought to most likely be a clot formation (Fig. 2 ). Pulsed-wave and color/power Doppler studies indicated continuous low-resistance venous flow within the lumen of the cyst (Fig. 3 ). On the more anterior and medial periphery of the cyst, a continuous "stream" of debris was noted ( Fig. 4 ). When interrogated with pulsedwave Doppler, this area displayed both arterial and venous waveforms ( Fig. 5 ) most consistent with an arterial-venous communication. The periphery of this mass was hypervascular compared to "normal" tissue in the ipsilateral and contralateral breast ( Fig. 6 ). Power Doppler studies ( Fig. 7 ) displayed a mosaic color artifact reflecting tissue vibration surrounding the cystic mass.
The cyst was aspirated with sonographic guidance for two reasons: (1) to assess the fluid within and (2) to attempt to decompress the area and apply compression for an extended period of time to clot the small feeding vessel. After the patient consented to the cyst aspiration, the area was prepped with betadine and sterile towels, and a local anesthetic was administered (1% Lidocaine). An 18gauge needle was then guided by sonography into the cystic mass. Then, 22 mL of frank blood was removed, and the mass was no longer palpable or visualized sonographically. The needle was removed and hemostasis was obtained. A cold compress and direct pressure were applied to the site for 30 min- utes. The patient then returned 1 hour later for further sonographic evaluation. At that time, there was no evidence of any fluid reaccumulation or hematoma in the 3 o'clock area (Fig. 8 ), and 10 mL of the dark red aspirated fluid was sent to cytology for evaluation.
The patient was told to contact the radiology department if the "lump" returned at any point. Within 48 hours, she was able to once again palpate this mass and was rescheduled for a sonography examination. One week after the cyst aspiration, the patient returned for further evaluation using the same sonography machine, sonographer, and sonologist, and once again, the vascular lesion at 3 o'clock was present. Again, the "feeder vessel" was visualized with both arterial and venous waveforms demonstrated by pulsed-wave Doppler studies ( Fig. 9 ). The mobile internal debris and the posterior echogenic clot were again appreciated, and now three septations were visualized internally ( Fig. 10 ). On the basis of these persistent sonographic findings and the patient's history of multiple fine-needle aspirations, she was referred for a surgical ligation of the fistula and is now doing fine, with no evidence of recurrence.
Discussion
A fistula is an opening that connects two epithelialized structures. An arteriovenous fistula (AVF) is an abnormal communication between an artery and a vein, without an interposed capillary system. 1 Arteriovenous fistulae can occur anywhere in the body where veins and arteries lie adjacent to each other and have been well documented and described in the literature. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] Arteriovenous fistulae are classified as either acquired or congenital, with acquired AVFs being more common than congenital AVFs. Congenital arteriovenous fistulae are the result of an abnormal development of the primitive vascular system, usually occurring from the failure of differentiation between an artery and vein during embryology. 1 They are often hemangiomatous lesions that may be localized or diffuse. 2 There are numerous potentials for acquired arteriovenous fistulae to be created (Table 1) . It has been reported in the literature that acquired AVFs are most frequently due to penetrating trauma. 1,2 Rich et al 5 reported that more than 3% of all vascular injuries result in an arteriovenous fistula formation. When acquired fistulae arise, there is usually one larger feeding artery and one larger draining vein. When congenital fistulae occur, multiple feeding arteries are often present, and multiple venous aneurysms are typically seen. 1 The communication between an artery and its adjacent vein without an interposed capillary system allows for a low-resistance pathway to be established for blood flowing from the high-pressure arterial bed into the low-pressure venous system. The rate of flow will depend on two factors: (1) the FIG. 9. One week after aspiration, with the feeder vessel again noted to have arterial and venous components. Cystic lesion is again clinically identified as a palpable mass. Created to provide ready access to a high-flow blood vessel for the treatment of renal failure by hemodialysis Self-induce Attempted parenteral drug abuse Neoplasms/infections size of the fistula or communication and (2) the height of the arterial pressure above that of the venous pressure. 2 Clinically, patients with systemic AVFs may present with pulsatile hematomas, palpable thrills, and audible bruits. 1,3,6,7 Arteriovenous fistulae may remain silent and clinically inapparent until a rapid enlargement of the fistula occurs. 1 Possible complications from an untreated fistula may include venous hypertension, pseudoaneurysm formation, distal arterial ischemia, and pressure on adjacent tissues. 3 In this study, sonographic Doppler imaging was imperative in our diagnosis of an arteriovenous fistula in the patient. Color and pulsed-wave Doppler findings confirmed a continuous venous flow within the lesion and the feeding vessel's location, which exhibited low-resistance arterial flow and increased levels of diastolic flow. Although we were able to exhibit the combined arterial and venous Doppler signals, we were unable to assess the exact size and number of feeder vessels. Power Doppler was readily able to distinguish the "visible" bruit from surrounding breast tissue vibration, which has been well described in the literature (Fig. 7) . 1,8
Conclusion
All invasive procedures that might puncture or dissect arterial or venous vessels carry the risk of creating these spontaneous lesions. As a noninvasive diagnostic tool, sonography is a good initial imaging modality when a systemic arteriovenous fistula is suspected clinically. Although angiography is the gold-standard imaging modality for arteriovenous communications, our sonographic examination was very reliable and beneficial in this case.
Color Doppler readily detects arteriovenous fistulae because of their markedly disturbed flow within the fistula. Sonographic techniques that should be documented in helping to prove this diagnosis would include high-pressure venous flow, Doppler waveforms consistent with combined arte-rial and venous flows in a vessel, surrounding tissue vibrations (montage of color artifact), possible pseudoaneurysms or venous aneurysms, and a hypervascular state in the periphery of the lesion. It has been reported that if the injury that produced the fistula is recent, a hematoma may be present surrounding the affected vessels. 1 In the absence of dramatic venous turbulence and a pulsed-wave Doppler signal, which exhibits both arterial and venous waveforms, the diagnosis of an arteriovenous fistula should be questioned.
